One of the fundamental problems of genetics is the nature of differences between spontaneous and induced mutation. In higher organisms, mutations induced by ionizing radiations are known to include a relatively large number of chromosomal aberrations. Yet there is no doubt that spontaneously occurring chromosomal abnormalities have been important phylogenetically, and may themselves be the secondary consequences of spontaneous genetic changes.
Bonnier and Luning1 observe that the regression line expressing a linear relationship between intermediate doses of x-ray and mutation frequency in Drosophila fails to intercept the point derived from untreated and slightly irradiated controls. Similar findings have been obtained by Spencer and Stern2 with departures from linearity established as significant by Boag3 using a probit diagram. It is at least possible that the deficit of mutations observed following extrapolation of the regression line to control material is due to the inclusion, within any group of induced mutations, of types phenotypically similar but not necessarily identical to the entire potential array of spontaneous variants. An alternative interpretation would be that radiation, even at moderat-e dosage levels, accelerates unselectively the spontaneous mutation rate. This would lead to a more rapid production of mutants capable of spontaneous occurrence in the same relative proportions. No qualitatively new types would be anticipated, other than forms with spontaneous rates low enough to exclude detection in the majority of unirradiated populations.
Pending the development of an adequate system of microbial cytogenetics, comparisons of mutagenic effects on bacteria must depend on biochemical or morphological criteria, with no precise knowledge of the cytological consequences. Nevertheless, the known effect of x-rays on other biological material has prompted the choice of ultra-violet radiation in the present study as an agent with effects more likely analogous to spontaneous mutation. X-rays, nitrogen mustard and other chemical mutagens will be analyzed in supplementary investigations.
Most mutations occur at rates that are too low to afford quantitative information without considerable difficulty in obtaining samples of adequate size. Available data are therefore largely confined to the best studied genetic materials-maize4 5 and Drosophila.6 The use of a screening technique allowing elimination of all non-mutant individuals automatically from the test population as employed in plant studies by Lewis7 and in bacteriological investigation by Luria and Delbruck8 and Demerec9 offers the best solution to the problem of obtaining samples of sufficient numerical size to permit comparisons between spontaneous and induced mutation. A disadvantage of ordinary bacterial strains is the inability to localize precisely genetic differences as specific gene mutations on the linkage map. The recombining strain of Escherichia coli is not suitable for analysis of ultra-violet-induced mutations to phage resistance because of the lysogenic phage that it carries.'0 We have perforned our comparison of ultra-violet-induced and spontaneous mutation with strain B/r of E. coli. This strain is resistant to radiation and penicillin," nitrogen mustard,'2 oxidizing agents,'3 proflavine, crystal violet, potassium tellurite, and safranin. Most of these agents may be used selectively to obtain strain B/r from strain B.12 14 The method employed has been to use bacteriophage Ti as the selective agent. ' 10-l in Petri plates, shaken to minimize screening effects. The cells were then spread in 0.1-ml. quantities on nutrient agar plates and allowed to pass through from 2 to 9 divisions. The seeded plates were spread with from 2 X 108 to 109 lytic units of phage Ti, incubated for 48 hours and a single mutant selected and purified in the same manner as described previously for spontaneous mutants.
Validity of Method Used in Isolating Induced Mutants.-Populations attaining a size equivalent to the reciprocal of the mutation rate will on the average contain one Ti resistant mutant. The wide statistical fluctuations in the random process of mutation make it possible that mutations will be found in rare instances within growing sensitive populations of relatively small size.8' 17 There is always a possibility, therefore, that experiments designed for the isolation of induced mutants will include a interpreted, not as a reverse mutation affecting the site of the original enzymatic block, but as an additional mutation influencing another position in the chain of biochemical events and restoring prototrophy (nondeficiency) without relation to phage sensitivity. It would then be probable that the "reverted" types obtained from ultra-violet-induced phage-resistant auxotrophs would differ genetically from spontaneous prototrophs of the same resistance pattern. Differences between parental strains and prototrophs arising by reverse mutation are often observed.20 The Anderson hypothesis has served a useful purpose, but becomes increasingly forced as new varieties of Tl-resistant mutants are found.21
Auxotrophic strains requiring growth supplements other than tryptophane, or strains resistant to more than one complex of phages (e.g., B/r/l, 3, 4, 7, 6, table 2) occur far more frequently than expected on the basis of simultaneous origin of independent mutations in a single individual.15 In explanation it could be assumed that mutation causing one class of phenotypic changes greatly increases the probability of a simultaneous or rapidly ensuing mutation of another type capable of independepe occurrence at a lower rate. Another interpretation is that the phenotynt a + b + c is not due to the simultaneous genetic events a' + b' + c', but arises from the independent mutation d'. The ultimate solution of these problems will not alter the fact that in this experiment induced mutations differ from spontaneous. * This paper is based upon work done for the Biological Department, Chemical Corps,
